Erbium was implanted with 160 keV at doses between 5x10 14 and 5x10 15 at/cm 2 into (0001) and at the same energies as above were annealed at 600° for 30 min and at 900°, 1000° C for 120 s using a proximity cap. The higher dose caused an almost complete amorphisation of the surface layer. After annealing indications of epitaxial regrowth were observed, however, the substitutional fraction remains substantially lower and the damage recovery is less complete.
hand ensures a high resistance to lattice damage and amorphisation on the other hand it considerably hampers the epitaxial regrowth on the underlying undamaged crystal lattice after an implantation. It is therefore interesting to study the behavior of impurities after implantation as well as the general recovery of the GaN lattice. In the present study the lattice location of Er implanted in GaN and the possible influence of coimplanted Oxygen on the Er behavior was investigated. Doping of GaN with Er during growth or by implantation has been intensively studied mainly in photoluminescence measurements [1, 2] due to the potential application of this impurity in optoelectronics. The intra 4f shell transitions at a wavelength of 1.54 µm, which coincides with a minimum in loss in silica optical fibers, makes Er an interesting, optically active ion in devices such as lasers, optical amplifiers and optically pumped glass fibers [3] .
Experiment
Samples were cut from high quality (0001) GaN epilayers of 4µm thickness grown by the MOCVD technique on sapphire substrates at the University of Florida. In some cases also commercially available material (CREE, 1.5µm) was used. The unintentional n-type background , with respect to the beam direction, using silicon surface barrier detectors located in the standard IBM geometry and with resolutions of 13 and 16 keV, respectively. The angular scans were carried out using a two-axis goniometer and, in order to avoid radiation effects due to the analyzing beam, a fresh spot for each measurement was used. To reduce the pile-up effect which would degrade the sensitivity for the Er signal, the beam current was kept below 2 nA. Full angular scans of the axial directions were recorded for the <0001> and <10 1 1> axes. The experimental results were compared to computer simulations which were carried out using a Monte Carlo code [5] . The wurtzite https://doi.org/10.1557/S1092578300003628
structure, not part of the original code, was incorporated in order to simulate the GaN angular curves. each and annealed at 600° C for 30 min. Again the Er and Ga curves fully overlap which is an indication that Er is occupying a Ga site.
Results

A. Damage annealing
The large fraction of Er in substitutional sites after the 600° C annealing step agrees well with a hyperfine interaction study on the incorporation of the transition metal Hf into GaN after implantation [7] . Also there it was observed that the implantation damage around the Hf impurity was annealed to a large extent at 600° C. This effect was attributed mainly to the restoration of the N sublattice.
In samples obtained from CREE the 600° C annealing step produces a decrease of 10% in the number of atoms in substitutional sites for the sample containing only Er while for the sample coimplanted with O no changes were observed. The annealing at 900 o C leads to a further reduction of the substitutional fraction and a narrowing on the bottom of the angular curve of Er for the Er implanted sample while for the sample coimplanted with O Er remains in the Ga site.
The observed narrowing could be due to the association of Er with defects, which lead to a slight displacement of the Er atoms from the ideal substitutional positions.
The assumption made above that Er is located on the Ga sites could be proven by a scan across the <10 1 1> axis. Contrary to the <0001> axis, where we have mixed rows of Ga and N, in the <10 1 1> direction we have pure Ga and N rows as depicted in figure 3 . The different atomic numbers of Ga and N result in different steering potentials for the respective rows leading in turn 
